he number of women starting pregnancy with high body mass index (BMI) (calculated as weight in kg/square of height in m 2 ) increases over years due to maternal age and improper diets. 1, 2 The prevalence of obesity in pregnant women varies widely depending upon the population. In the USA, the prevalence of pre-pregnancy obesity and overweight is both 26%. 3
The Effects of Gestational Weight Gain and Maternal Body Mass Index Discrepancy on All Stages of Labor
A AB BS S T TR RA AC CT T O Ob bj je ec ct ti iv ve e: : To investigate the effects of maternal body mass index (BMI) and total weight gain during the pregnancy (WGDP) on all stages of labor. M Ma at te er ri ia al l a an nd d M Me et th ho od ds s: This is a prospective case-control study carried out at a tertiary referral hospital during 1-year period of time. We divided study population into 4 groups according to BMI and classified women according to WGDP; inadequate, optimum, excessive. Then we assessed the maternal characteristics, cesarean rate, all variables of labor stages, delivery complications, operative delivery rates, and interventions such as; induction rate and episiotomy. R Re es su ul lt ts s: : A total of 523 women were included in the study [n=55 (10.5%) cesarean section and n=468 (89.5%) vaginal delivery]. There were 435 pregnant Turkish women and 88 Syrian Refugees in the study population. Younger maternal age and need for episiotomy was more common in low-weight group than others. All stages of labor except transition stages (duration between 7 and 10 cm of cervical dilatation) was longer in obese group (222.9±35.6 min, 195.8±29.6 min, 200.6±30.4 min, 255.8±38.2 min in group 1,2,3 and 4, respectively) (p<0.05). We found no statistically significant effect of weight gain on the duration of labor. C Co on nc cl lu us si io on n: : Either low and high pre-gestational BMI are found to lead to increased risk of adverse labor results in compatible with literature. Therefore, professionals should support weight loss or gain to achieve optimal BMI in women planning pregnancy.
women who were admitted for labor. The study has been reviewed and approved by the Institutional Review Board of Bursa Yuksek Ihtisas Training and Research Hospital (Decision dated 25/07/2018 and numbered 2011-KAEK-25 2018/07-44). The study was conducted in accordance with the Helsinki Declaration. Written consents were received from all patients before the study.
Inclusion criteria were full-term singleton pregnancy, cephalic presentation, completed prenatal data with a follow-up at our center. Patients were excluded if they had chronic diseases (heart, brain, lungs, liver or renal disease), gestational diabetes mellitus, preeclampsia, placenta previa, severe fetal anomalies and stillbirth. All subjects were divided into groups according to BMI which is defined by World Health Organization (WHO) as low, normal, overweight or obesity.
Based on the WHO classification, "low" and "normal" body weights are reflected by a BMI between <18.5 kg/m 2 -18.5 kg/m 2 , and BMI <24.9 kg/m 2 , respectively, whereas "overweight" and "obesity" are reflected by values between 25.0 kg/m 2 -<29.9 kg/m 2 , and BMI ≥30.0 kg/m 2 , respectively. After this classification, same patients were sorted according to Institute of Medicine (IOM) recommendations related to patients' weight gain during the pregnancy (WGDP); as inadequate, adequate and excessive. 6 Data including parity, nationality, maternal age, maternal height, weight before pregnancy, BMI, end of pregnancy weight, total weight, mode of delivery (cesarean delivery, vaginal delivery, operative delivery), presence of spontaneous labor, augmentation and induction need, active stage duration, second stage of delivery, placental separation time, the presence of episiotomy, the presence of laceration, gestational week at delivery, sonographic measurements of fetus (biparietal diameter (BPD), head circumference (HC), abdominal circumference (AC), femur length (FL), estimated fetal weight (EFW)), birth weight, fetal gender, Apgar scores at 1 st and 5 th minute, and CD indications were obtained from maternal and neonatal files.
Active phase of the first stage of labor started from the moment the cervical opening reached 3 cm, as described before. The active phase period was divided into 3 phases; between 4-6 cm, 6-8 cm, 8-10 cm of cervical dilatation. The decision and timing of induction, amniotomy and episiotomy in all patients was decided by the senior author (MÖA).
STATISTICAL ANALYSES
Statistical analysis for the data was performed by SPSS version 22.0 (IBM SPSS Statistics for Windows, Version 22.0. Armonk, NY: IBM Corp.). Categorical variables were calculated as percentage or frequency and continuous variables were given as mean ± standard deviation. One-way Anova test or Kruskal Wallis test was used for comparison of continuous variables. The categorical variables were compared with Pearson's chi-square test. The analysis of pairwise comparisons between groups was performed with LSD or Conover-Inman test. P value <0.05 was accepted as statistically significant in all analyzes.
RESULTS
A total of 523 women constituted the study population; 55 had cesarean section and 468 had normal vaginal delivery. Of the 468 women giving birth by vaginal route; 20, 257, 137 and 53 were in underweight, normal weight, overweight and obese group respectively. Vacuum was needed for a patient in the normal weight group.
Maternal characteristics and information related to the stages of labor are shown in Table 1 and Table 2 , when groups were classified according to BMI and WGDP. According to this analysis, the duration between 4-6 cm and 6-8 cm of cervical dilatation was longer in overweight group compared with the other groups. The need for episiotomy was more frequent in low weight group (Table 1 ). The need of oxytocin augmentation or induction was not different among groups (Table 1) . Although, excessive weight gain was found to increase the risk of CD, weight gain during pregnancy had no effect on stages of labor as shown in Table 2 .
Fetal biometric measurements, gestational week at delivery, birth weights, gender and Apgar scores in terms of pre-pregnancy BMI and WGDP are presented in Table 3 . Gestational weeks at de- A statistically significant difference was found between birth weights in normal weight, overweight and obese groups (p= 0.02) but there was no statistically significant difference between these groups according to WGDP (Table 2 ).
There were no effects of only BMI or only HC on the delivery mode (cesarean delivery or vaginal delivery) (p= 0.453 and p= 0.586, respectively). But as regards the details, HC effects durations of active stage and second stage of labor. Duration of cervical dilatation between 8-10 cm, total active stage duration (4-10 cm) and the duration of second stage were influenced by HC (Table 3) .
DISCUSSION
The adverse effects of high BMI before pregnancy and excessive WGDP and delivery process have been investigated repeatedly. [4] [5] [6] [7] Low or high BMI has adverse effects on pregnancy outcomes and infant's health. The risk of large-for-gestational-age births (LGA), cesarean delivery and childhood obesity are increased in overweight women (BMI 25.0-29.9 kg/m 2 ) and maternal obesity (BMI ≥30.0 kg/m 2 ). However small-for-gestational-age (SGA) births are frequently seen in the pre-pregnancy un-derweight (BMI <18) women. 8 In previous studies, the authors reported that high BMI is associated with elevated CD rates associated with relative obstruction of birth canal due to expanding pelvic tissue. 5, [8] [9] [10] In another study, researchers claimed that women who are overweight or obese may experience increased risk of cesarean delivery as a consequence of excess pelvic soft tissue, which can lead to a relative obstruction of the birth canal. 11 In addition, decreased cervical dilatation rates leading to increased inductions among obese women also increases cesarean delivery risk. 12 Our cesarean delivery ratio was 10.5%, and pre-pregnancy BMI was not effective on mode of delivery, but we observed an increase in cesarean delivery patients with excessive WGDP (p=0.018). Similarly, the presence of spontaneous pain and the need for induction were more frequent in patients with excessive weight gain. Induction rates and induction failure show an increase despite the spontaneous pain in women with excessive WGDP.
Most previous studies reported that BMI has independent effect on duration of active labor. [12] [13] [14] [15] [16] [17] According to these studies, duration of firststage of labor expands although furthers support overall duration of labor expands. [12] [13] [14] [15] [16] [17] Similarly, a previous study claimed a statically significant increase in total labor duration in obese nulliparous. 13 However, this study differed from the others by the inclusion of patients from 1 cm cervical opening, which is evaluated as latent stage.
Another study which involves 63,829 nulliparous women showed slower progression of labor in women who had high BMI than normal BMI. 12 In our study, we evaluated labor progression, active stage and second stage of labor according to both pre-pregnancy BMI and WGDP. The duration of cervical opening from 6 cm to 8 cm in the active phase and the duration of the second stage of labor (cervix fully open) were significantly different between pre-pregnancy underweight (BMI<18 kg/m 2 ) and overweight (BMI: 25-29,9 kg/m 2 ) groups. No significant changes were observed in the total period of active stage (cervical opening 4-10 cm) and labor durations according to WGDP during pregnancy.
In the second stage of labor, the patient's pushing force is also effective, so it is arguable how accurate it is to reconcile with WGDP during pregnancy. However, this situation is considered to be controversial in other studies too. 5 In our study this time was significantly different between the two groups in terms of BMI<18 and BMI between 25 -30 kg/m 2 . Moreover, we did not use epidural analgesia which can affect the labor time in any patient.
Furthermore, the risk of congenital anomalies such as cardiac anomalies, facial defects and extremity abnormalities are increased in obese women. 18 Maternal obesity and excessive WGDP also increase antepartum and postpartum complication risk including fetal death, stillbirth, birth asphyxia, prematurity, LGA and shoulder dystocia. [19] [20] [21] In this respect, we found statistically significant differences in birthweight and gestational week at delivery between BMI 18-24,9 kg/m 2 vs BMI 25-29,9 kg/m 2 and BMI 18-24,9 kg/m 2 vs BMI >30 kg/m 2 groups. Beside these findings, we have no other significant outcome about neonates.
Prolonged second stage of labor was detected when head circumference was above the 75 th percentile. It might be associated with neonatal asphyxia due to increased obstetric interventions. 22 However, in our study, we did not find any effect of HC on duration between 8 and 10 cm of cervical dilatation, second stage of labor and total time of active stage.
The limitation of our study is the small number of patients in the study group. Moreover, study population is unequally distributed among groups. Therefore, results may preclude precise conclusions. Precise results can be achieved with larger study groups.
CONCLUSION
In conclusion, both low and high pre-pregnancy BMI are associated with increased risk of operative delivery and prolonged active stages of labor. Therefore, we think that pre-pregnancy weight control is very important. A Au ut th ho or rs sh hi ip p C Co on nt tr ri ib bu ut ti io on ns s
